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HYBRID CONFINEMENT LAYERS OF BURIED 
HETEROSTRUCTURE SEMICONDUCTOR LASER 

BACKGROUND 

This invention relates generally to semiconductor devices and more particularly to 
heterostructure semiconductor lasers. 

Heterostructure semiconductor lasers have current blocking layers to isolate active 
regions of the laser. The most common approach to produce a current blocking layer for the 
buried heterostructure laser is to include extensive reversed biased p-n junctions to act as the 
blocking layer. However, extensive reversed biased p-n junctions have high capacitance 
characteristics that contribute to the total capacitance of the laser. The capacitance of the laser is 
one of the limiting factors for the rate of modulation in the active layer. To reduce this 
capacitance, isolation channels are often formed parallel to the active layer structure to reduce 
the size of the p-n regions. However, these isolation channels or trenches tend to inhibit heat 
removal from the active layer. 

SUMMARY 

According to an aspect of the present invention, a method of fabricating a buried 
heterostructure semiconductor device includes producing a hybrid current confinement region 
adjacent to active layers of the device, by disposing a sequence of the p-n-p layers surrounding 
the active layer; and disposing a semi-insulating material around the p-n-p layers surrounding the 
active layers. 

According to an additional aspect of the invention a semiconductor device includes a 
semiconductor substrate supporting an active region comprised of a multiple quantum well active 
regions and confinement layers having defined gratings and grating overgrowth regions to 
produce a laser device. The device also includes a current confinement layer including a 
sequence of doped n-p-n-p semiconductor layers to produce a n-p-n-p blocking structure and a 
semi-insulating semiconductor material over the n-p-n-p blocking structure. 

One or more of the following advantages may be provided by one or more aspects of the 
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invention. 

The present invention introduces a hybrid current confinement for buried heterostructure 
(BH) semiconductor lasers. The hybrid current confinement structure includes a current 
blocking arrangement adjacent to the active layer. The current blocking arrangement is 
5 accomplished by a sequence of p-n-p-n layers. Further away from the active layer, a semi- 
insulating material (InP:Fe in this case) is used to provide current confinement for the active 
layer. 

This arrangement has several advantages over existing approaches. The active layer is 
surrounded by a p-n-p-n layer sequence and therefore there is no inter-diffiision of dopants from 
10 the semi-insulating layer and active layer, e.g., Zn and Fe. This ensures a minimum of non- 
radiative centers in the active layer. The invention allows the lateral dimension (extent from the 
Q active layer) of the n-p-n-p blocking layers to be minimized. This results in a low parasitic 

pi capacitance of the laser and low leakage current. In some embodiments, the Fe doped semi- 

J=j insulating material is grown last (nothing is grown on top of this layer), and hence the inter- 

fy 15 diffusion of Zn and Fe is very limited. If inter-diffusion is present, it occurs away from the 

y3 

a active region. The provision of the semi-insulating layer eliminates the need for isolation 

L.. J channels (trenches) parallel to the active layer to electrically isolate the active region. Isolation is 

t y 

fy now provided by the re-grown semi-insulating layer InP:Fe. 

q The details of one or more embodiments of the invention are set forth in the accompa- 

^20 nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 



DESCRIPTION OF DRAWINGS 

FIGS. 1-5 are cross-sectional views that show stages of fabrication of a heterostructure 
25 semiconductor laser incorporating a hybrid confinement layer. 



DETAILED DESCRIPTION 

Referring to FIG 1, a heterostructure semiconductor laser device 10 in early stages of 
fabrication is shown. The semiconductor laser device 10 includes a substrate region 12 
30 comprised of a semiconductor material of suitable bandgap energy for the desired wavelength. 
One example is indium phosphide (InP). The InP substrate 12 is doped with an n-type dopant 
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e.g., silicon (Si). The semiconductor substrate 12 is typically doped to a concentration of 1-2 
* 10 18 cm-3. Provided on the semiconductor substrate layer 12 is an active layer 14 that is 
comprised of multiple quantum well active regions or bulk active regions and confinement layers 
(not shown). The device 10 also may include gratings (not shown), which are etched into the 
guiding layer (not shown), adjacent to the active layer, or into the active layer. After grating 
patterning, the surface with gratings is subsequently overgrown, e.g. with InP, using standard 
crystal growth techniques. 

A capping layer 16 is formed e.g., deposited, and so forth over the active layer 14. In 
general, conventional processes are used for forming the active layer structure 14 of the 
semiconductor laser. 

A masking layer is patterned to leave oxide-masking regions, e.g., 1 8 that are used for 
mesa formation. In a practical situation, many mesas with active regions are provided from a 
single substrate. In regions where an active layer is produced, a layer of masking material (not 
shown) such as silicon dioxide is deposited over the capping layer 16 and is patterned to provide 
mask region 18. An etchant is applied over the structure 10 to etch the structure into a mesa 
structure 19 housing the active layer 14, as shown. Any suitable etching technique may be used 
such as a dry or wet chemical etch. Generally, an anisotropic etch is used to etch in a 
preferentially vertical dimension more than a horizontal dimension. 

Referring to FIG. 2, after producing the mesa structure 19 with the oxide mask 18 still 
over the mesa structure 19, the first two layers of a p-n-p current blocking structure 21 are 
selectively grown around the active region using conventional techniques. For example, a layer 
20 of InP having a p-type dopant such as zinc (Zn) is formed over side walls of the mesa 
structure 19 and over the substrate layer 12 of n-type InP. The n-type InP layer 22 is disposed, 
e.g., deposited using any suitable technique over the p-type layer. After formation of the current 
blocking structure, the oxide masking layer 18 is removed. 

Referring to FIG. 3, after stripping of the oxide masking layer 18 (FIG. 2), a second p- 
type InP capping layer 24 and a p+-type contact layer 26 are deposited over the mesa structure 
19. The p-type layer 24 is InP doped with, for example, zinc, whereas the contact layer can be 
more heavily doped InP or preferably is p+ type doped InGaAs, providing the structure shown in 
FIG 3. A masking layer (not shown) is patterned to leave the wide oxide-masking layer 32 over 
the mesa 19, after the formation of the above layers. 
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Referring to FIG. 4, portions of the p-type InP capping layer 24 and contact layer 26 are 
etched away to leave a region covering the original mesa 19. Also, regions of the p and n layers 
20 and 22 are etched away leaving p-n layers 20a and 22a respectively, as shown in FIG 4. This 
etched structure forms the wide mesa 33. The resulting n-p-n-p layers form p-n junctions that 
surround and enclose the active layer 14. 

Referring to FIG. 5, after etching of the p-n-p-n layers, the removed material is replaced 
with semi-insulating, re-grown material 36 such as Fe doped InP using conventional epitaxial 
growth techniques. The wide oxide mask is then stripped, leaving the InP semi-insulating 
regions providing a second confinement region about the wide mesa 33 and active layer 14. The 
n-p-n-p layers that form the p-n junctions, which surround and enclose the active layer 14, and 
the InP semi-insulating regions 36 provide a hybrid current confinement arrangement. A 
dielectric layer 40 of silicon dioxide and silicon nitride and metal electrode 42 are deposited over 
the p+ contact layer 26 and the InP semi-insulating regions 36. 

The structure 10 has several advantages over existing approaches. The active layer 14 is 
surrounded by the p-n-p-n layer sequence and the semi insulating InP 36. An alternative 
approach to the blocking layer could be to merely re-grow semi-insulating material around the 
mesa. Such a buried heterostructure laser employing a high resistivity semi-insulating layer 
would not suffer from high junction capacitance. However, such a buried heterostructure laser 
adopting the Fe-doped InP as the confinement layer would place Fe close to the active region. If 
the Fe-doped InP material is placed in close proximity to the active region, it is likely that the Fe- 
doped InP adjacent to the active region would be converted to a conductive p-type layer. Such a 
conversion could occur by out-diffiision of zinc (p-dopant) from the p-InP active region during 
re-growth of Fe-doped InP or the p-doped capping and contact layers. This converted conductive 
layer would provide a current shorting path, so that not all of the applied current passes usefully 
through the active layer of the laser. In addition, out-diffusion of zinc is always accompanied by 
Fe diffusion in the opposite direction, i.e., into the p-doped cladding and the active layer. This 
can pose a problem, especially in the active layer, where Fe atoms create non-radiative 
recombination centers. 

The combination of the p-n junctions close to the active layer and semi-insulating 
material further away from the active layer mitigates the possibility of Fe diffusion into the 
active layer 14. The active layer 14 is surrounded by the p-n-p-n layer sequence and therefore 
there is no inter-diffusion of Zn and Fe in the active layer or in the vicinity of the active layer. 
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This reduces the number of non-radiative centers in the active layer. The hybrid approach allows 
the lateral dimension (extent from the active layer) of the p-n-p-n blocking layers to be 
minimized. This results in a low parasitic capacitance of the laser and low leakage current. The 
Fe doped material is grown last (nothing is grown on top of this layer), hence the inter-diffusion 
5 of Zn and Fe is very limited and, if still present, it occurs away from the active region. 

The hybrid current confinement for the buried heterostructure (BH) semiconductor lasers 
provides current blocking adjacent to the active layer resulting from the sequence of p-n-p layers. 
Further away from the active layer, the semi-insulating material (InP:Fe in this case) is used to 
provide current confinement. 
10 The approach can be used with directly modulated BH lasers. In particular, it 

U significantly lowers the laser's parasitic capacitance without reducing heat escape from the active 

n 

q layer. With the hybrid confinement layer the laser can be used at higher transmission speeds (>= 
10 GB/s) and higher operating temperature. This is particularly advantageous in a coolerless (10 

y 

ftj GB/s) directly modulated laser. 

HJ 

J-.15 A number of embodiments of the invention have been described. Nevertheless, it will be 

: understood that various modifications may be made without departing from the spirit and scope 

ry of the invention. Accordingly, other embodiments are within the scope of the following claims. 



